The Law of Varying Action enunciated by Hamilton in 1834-1835 permits the direct solution of the problems of Mechanics, stationary or non-stationary.
to where generalized coordinates have been used instead of the Cartesian coordinates used by Osgood, and where 6t has been set equal to zero at the outset. Following Hamilton, Osgood assumes all of the 6 q4 to vanish at t/ and t'l; i.e., the end points of the varied paths are postulated to be co-terminus with the real path;
thus, the first term on the right vanishes. The integrand of the second term on the right is the equations of Lagrange which are known to vanish. Eq. 2 then reduces to Hamilton's principle,
where it is understood that W is the work of both conservative and non-conservative forces.
When it is observed that Lagranges equations vanish whether or not the 6q/vanish at t/& and t, eq. 2 results in the mathematical expression for the Law of Varying Action where 6t has been set equal to zero for the Newtonian and/or Lagrangian mechanics to be discussed herein,
Note that the zero on the right hand side of eq. 4 results from the fact that nature requires the equations of equilibrium to vanish as observed by Newton. It has nothing to do with the proof in variational calculus that the integral is an extremum. The meaning of eq. 4 is then quite clear, "A particle or a system or particles will follow a path and/or assume a configuration such that the equation, It is the purpose of this paper to demonstrate the application of Hamilton's Law to achieve completely general solutions to stationary and non-stationary particle motion problems by direct application of eq. 4. To enable this to be accomplished with great simplicity, two well known observations are made:
S-
(1) The path of any mass particle through space-time is continuous; i.e., no particle of matter can occupy two points in space at the same instant in time.
(2) The slope of the space-time path of any particle is continuous. 9
Thus, the space-time path of any particle of matter is continuous with continuous first derivatives. This is precisely part of the requirement for admissible functions when using the Ritz method in conjunction with stationary problems in the theory of elasticity.4
To introduce the simplicity of the application, only linear, one and two degree of freedom particle motion will be treated in this paper. Many degrees of freedom are treated in deformable body problems.
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Convergence is assured by Weirstrass' theorem. / Note that no concept of the shape of the time-space path is necessary. The power series must satisfy the specified displacement and velocity at t = t, but not at t = ti. The displacement and velocity at t/ cannot in general be known in advance because they are the result of both the initial conditions and the time history of the forces acting between t^o and t,\. By the use of constraints, conditions can be, of course, imposed at ti.
In eq. 6, m, k, and c, may be, any one or all, functions of time. However,'for this example, assume these parameters to be constant. Put eq. 6 into more convenient computational form by non-dimensionalizing. Let, t = 1 4 T and divide by m/t' . Let the instant in time, t4, at which the observation begins, be t, = o.
Eq. 6 becomes,
Now the admissible function is simply,
Substitute eq. 8 into eq. 7, note that the integral of the sum equals the sum of the integrals. Integrate (for arbitrary functions, numerical integration is used) to obtain a set of algebraic equations.
These equations expressed in matrix form are,
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Eq. 9 constitutes the general solution to the system in that the Solutions to four linear, one-degree of freedom problems will be demonstrated:
Step forcing function with damping.
2) Polynomial forcing function with damping.
3) The rocket problem (variable mass).
4)
Step force acting on a variable mass with variable damping and variable resisting force. 
EXAMPLE III. THE ROCKET PROBLEM (-VARIABLE MASS)
The particular example given here may be found in several textbooks, in particular, Ref. 7 and Ref. 8 . When the gravitational force field, g, the burning rate,m\, and exit velocity, V/, are taken to be constant, eq. 6 becomes:
The set of algebraic equations resulting from non-dimensionalization of the above equations and the substitution of eq. 8 with 
EXAMPLE IV. FORCING FUNCTION APPLIED TO A SYSTEM WITH VARIABLE MASS, VARIABLE DAMPING, AND VARIABLE SPRING FORCE
In a general problem of this nature, numerical integration is used to evaluate the mat x elements in the event that the integrands are defined by, say, curves generated from test data.
However, to illustrate the generality without getting into such details, the following functions are assumed:
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The matix equation obtained from eq. 6 is,
. . . .
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Note that example IIlis a special case of this example. 2) The double pendulum, Fig. 6 Small angles are assumed at the outset. Non-linear motion will be treated in separate papers.
When the kinetic energy and work terms for the system with coordinates and forces acting as shown in 
The matix elements are given in the appendix. Although both damping and forcing functions can easily be included as in the next example, they have been omitted here to give a conservative 2Q system for which the free vibration frequencies and modes if desired could be found from the assumption of simple harmonic motion and the resulting eigenvalue problem; because, as is well known, a stationary solution exists. However, the above equation yields the solution directly without any assumption of SHM, and no eigenvalue is involved. To achieve the motion of this system. in either one of its two natural modes in the laboratory, one must know the answer in advance,so that one can release the system in precisely the configuration that exists at the instant that every particle in the system would have zero velocity; or one must impart precisely the correct velocity to every particle when that particle is in the precise position at which the imparted velocity would be the correct value.
If such conditions are known in advance, and are put in the above matix equation as initial conditions, simple harmonic motion in the mode corresponding to the initial conditions will result from the calculation. In general, however, it is much more practical to prescribe an initial condition, whatever it may be, and calculate directly the resulting motion. Fig. 5 shows the solution for an arbitrary choice of parameters when the initial conditions are taken to be el0 = .08 rad.;
Anyone who has ever observed the motion of such.a pendulum system, will recognize the energy exchange in the calculated displacement curves to be precisely as observed in the physical system. If one calculates the energy, it will be found to 21 be the same at every instant.
The accuracy of the solution may also be judged from the repetitive amplitudes as the energy is exchanged between the pendulums with on-going time.
2) The.Double Pendulum
When the kinetic energy and work of the moments for the double pendulum shown in Fig. 6 , are substituted into eq. 4
with § G tO~t;
RR.
the matix equation is precisely of the form as the previous example but the matix elements are not the same, 
:(17)
The matix elements are given in the appendix for the case where the damping and spring coefficients are taken to be constant.
Todemonstrate the versatility and power of Hamilton's Law, one half wave of a sinusoidal moment wasapplied to the second mass with no damping in the system. The half period of the sinusoidal moment was taken to be .01 seconds. To see the effect of damping, Fig. 7 shows the same sinusoidal moment applied to the system at t=o in which damping is present.
The parameters are as listed in Fig. 7 . The value of damping chosen to act on the second pendulum was quite high and appears to be slightly above critical for the second pendulum.
However, the first pendulum has crossed the zero reference line just before a sinusoidal moment, opposite in direction to the first, is again applied. This time, energy is added to the system by this moment instead of being dissipated as in the previous example, Fig. 6 .
No detail on the initial motion during application of the force is available from Fig. 6 or Fig. 7 . However, the response during this interval, t, to t , must be accurately calculated because the conditions at the end of this period are taken as the initial conditions for the calculation of the motion over the next interval t, to tb. In fact, no differentation needs to be made as to whether a system is conservative, non-conservative, stationary, or non-stationary. Constraints were not treated explicitly in this first introductory paper; but, future papers will treat both holonomic and non-holonomic systems without identification and without benefit of mentioning Lagrangian multipliers.
Only linear systems will be treated in the first sequence of papers; but, this work developed from a study of what one might suppose to be a totally unrelated study of thermally stressed plates subjected to non-linear large deflections. When the solution to that problem was finally attained, the meaning of Hamilton's Law as a means of achieving direct solutions to the problems of mechanics had been discovered (or rediscovered?). This non-linear work has been temporarily set aside, but will be offered for publication when its logical place in a sequence of papers on the subject has been reached. Galerkin'smethod applied to the differential equations is subject to constraints not found in the application of Hamilton's Law; e.g., the treatment of the boundary conditions which will be discussed in subsequent papers. e undamped
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